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Executive Summary

West Nile Virus (WNV) was first observed in North America in 1999, when multiple cases were
recorded in New York City. Since that time, nearly 10,000 human infections have been
confirmed and over 250 deaths have resulted from the epidemic. In addition to impacts on

humans, the disease has adversely affected animals.

WNV is a disease that is spread primarily by mosquito vectors, which infect host species by
biting them while in search of nutrient-rich blood. Over 40 species of mosquitoes have been
identified as WNV vectors in the United States, most notably the Culex species, which are
known for breeding in standing water polluted with organic material. The most commonly
identified hosts for the virus are horses and avian species, such as corvids. Birds are considered
reservoir hosts for their ability to re-infect mosquitoes with the virus. Horses, and most
mammals, are labeled dead-end hosts due to their inability to pass the disease onto other

mosquitoes because of low levels of the virus in the bloodstream of the host.

The impacts of WNV on animal species and their habitats are important due to the inextricable
links between vector and hosts. Many of the ecological impacts of WNV are not well
understood, due to its recent introduction to the North American continent. It appears that birds
play the largest role in the vector-host relationship, acting both as a reservoir for the disease and
as a means for geographic dispersion. American crows are often seen as the sentinel species for
WNV monitoring in the US, as most epidemics have been accompanied by observations of
significant corvid mortality. In addition, ecologists have surmised that the rapid dispersion of

WNYV in North America is connected to seasonal bird migrations.

While the total number of fatalities among animal species is unknown, it is likely that the totals
reach into the hundreds of thousands. Avian species, most notably corvids such as crows, have
been subject to significant effects from the disease. For example, over 4,000 cases of West Nile
infection were confirmed for American crows in New York State in 2000. The kinds of birds

infected to date include:
° raptors

o songbirds
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. geese

. greater sage-grouse

o domestic chickens and turkeys.

Mammals have also experienced significant impacts from WNV. The greatest effects have been
observed in horses where hundreds to thousands of mortalities occur each year. Fortunately,
most mammal species are considered dead-end hosts and do not re-infect mosquitoes with the
virus. Several cases of non-human primate infections have been recorded in the US, all in
captive settings. In most cases, the non-human primate did not show clinical illness from West

Nile infection. As of 2004, 29 mammalian species had been infected including:

o horses

o chipmunks
o skunks

o squirrels

J wolves

o sheep

. goats

o bats

o seals

J monkeys

o domestic cats and dogs.

Another group of animals potentially impacted by WNV is reptiles. Outbreaks of WNV have

been recorded in both alligators and crocodiles. All reptilian outbreaks have occurred in captive

Cashin Associates, P.C. 2
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settings, although it is suggested that wild reptiles could be a potential reservoir for the disease.
Studies have shown that the transmission of WNV, in some cases, may be due to ingestion of

infected horsemeat that is used as feed at commercial alligator and crocodile farms.

In addition to the direct impacts on animal species, overall ecological and indirect impacts of
WNYV may result from the disease. Ecological niches most likely affected by the disease include
those that occur near areas of high mosquito activity, such as coastal and wetland habitats. In
addition, urban wildlife may be especially susceptible to outbreaks of the virus due to habitat
overlap with Culex spp., the suspected prime mosquito vectors. However, observations leading
to these conclusions may an artifiact of monitoring effort than actual differences in occurrence.
Another potential ecological impact of WNV is its effects on threatened or geographically
limited species. Significant impacts of the disease on local populations could lead to critical

species levels.

Due to the connections between WNV, mosquitoes, and human and non-human hosts, it is of the
utmost importance to understand the ecology of the virus when making public health decisions.
In addition, the impacts of mosquito control cannot be completely assessed, except in the context
of the human and ecological effects of mosquito-borne diseases. This portion of the literature
search, therefore, reports on the effects of WNV on non-human vertebrate species, and some of

the indirect impacts on both human and non-human species that may result.

Cashin Associates, P.C. 3
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1. Introduction

WNYV was first isolated from a woman in the West Nile district of Uganda in 1937. Originally
endemic to Africa, western Asia and the Middle East, the virus was soon found in the Eastern
Hemisphere, expanding throughout parts of Europe and Australia during the latter half of the 21*
century. The first recorded incidences of WNV in the US occurred during the summer of 1999
when the Flushing Medical Center in Queens admitted three patients with a variety of
neurological illnesses (Marra et al., 2004). By the end of 1999, WNV had led to 62 confirmed
infections and seven deaths in the New York City region (USEPA, 2003).

Since 1999, WNV has spread throughout the US and North America, resulting in the deaths of
more than 450 people by the end of 2003 (Marra et al., 2004). In 2003, the Center for Disease
Controls and Prevention (CDC) Division of Vector-Borne Infectious Diseases recorded 9,862
cases of WNV causing 264 deaths in 46 states (CDC, 2004). During the same time, scientists
have also observed high rates of avian mortality, composed mostly of American crows (Corvus
brachrhynchos) and other corvids, resulting in tens of thousands of recorded deaths per year
(Marra et al., 2004). As a result of these impacts on human and non-human species, research and
monitoring efforts for WNV in North America have intensified significantly over the past five

years.

The transmission cycle of WNV requires mosquitoes, the vectors for the disease. At least 40
species of mosquitoes have tested positive for the virus in North America (Cornell, 2004). The
major species associated with the spread of WNV belong to the Culex species; cases are linked to
Cx. Pipiens, Cx. quinquefascatus, and Cx. tarsalis (CDC, 2003). Mosquitoes feed seeking
essential nutrients for egg production. If an infected host is fed on, the mosquito can become a
carrier for the virus, and can transfer the virus when it feeds again. Birds tend to develop
measurable virus levels (viremia) shortly after being bitten by infected mosquitoes; therefore,
they possess the ability to pass the virus onto other mosquitoes if bitten again. Such species are
known as “reservoir hosts” because they can pass the virus back to mosquito vectors.
Mosquitoes may also infect other animals, including mammals, which are classified as “dead
end” hosts, because they do not support a high enough viremia level to successfully pass the

virus back to mosquitoes when bitten.
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Due to the connections between WNV, mosquitoes, and human and non-human hosts, it is of the
utmost importance to understanding the ecology of the virus when making public health
decisions. Non-human animal species play a large role in the transmission cycle of the virus. To
date, WNV has affected hundreds of species of birds, several species of mammals, reptiles, and a
number of domestic animals (USGS, 2004). Some of these species are federally endangered or
threatened, while others are ecologically important species. Thus, impacts to these species need
to be considered when evaluating the overall impact of mosquito-borne disease. The purpose of
this report is to establish a baseline of information regarding the effects of WNV on non-human
vertebrate species and to estimate some of the indirect impacts on both human and non-human

species as a result.
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2. Effects of WNV on Non-Human Species

The regional extent of WNV in North America indicates that a large range of habitats and
species are involved in the transmission cycle of the disease. Birds are thought to be key to the
spread of the disease. Birds have been shown to be necessary for the transmission of other
arboviruses, and have been shown to maintain high levels of WNV in their blood. Mosquitoes

frequently feed on birds and, therefore, WNV can be transmitted from birds to mosquito vectors.

In addition, birds suffer from WNYV infections. While data on avian deaths in North America are
limited, it is estimated that tens to hundreds of thousands of bird deaths have resulted from WNV
since its introduction in 1999 (Cornell, 2004). Some species of birds, such as crows and other
corvids, appear to be highly susceptible to infection and are more likely to be impacted by WNV.
Because of the high infection rate and general visibility of crows, they are often used as an

indicator species for West Nile epidemics (Marra et al., 2004).

A variety of mammals, reptiles, and domestic animals are also experiencing the effects of WNV
in North America. Horses, after birds, have had some of the highest rates of infection and
mortality since 1999. In 2002, 14,358 equine infection cases were recorded in the US, with
mortality rates of approximately 30 percent (Cornell, 2004). In addition to horses, other
mammals have also experienced the effects of WNV. In total, CDC reported infections in 29

species of mammals as of 2004, including:

o eastern chipmunks
J skunks

o squirrels

J wolves

o sheep

J goats

J bats
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o seals
o domestic cats and dogs.

Alligators are another group of large animals that may become infected with WNV (Marra et al.,

2004).

The impacts of WNV on the aforementioned species are widespread and can have far-reaching
ecological implications. Because WNV is an exotic, non-indigenous virus, its disruption of
habitats and population dynamics could potentially be significant. For species such as the
greater sage-grouse who already have small populations, the impacts of the virus may lead to the
extinction of local and, eventually, regional populations. Furthermore, the migratory patterns of
many species, especially birds, may lead to the increased dispersion of the virus over time.
Finally, the indirect impacts of population change and ecological damage could impact humans
in several ways, including loss of natural controls for diseases and pests and economic impacts

from damage to other natural resources.
2.1 Birds

Birds appear to be closely tied to mosquitoes in the transmission cycle of WNV. Birds are
thought to act as reservoir hosts for the virus and, subsequently, are associated with the rapid
dispersion of the disease. Birds, once infected, can travel for thousands of miles during fall and
spring migrations, potentially carrying the virus across the continent or into Central or South
America. However, the bird species most impacted by WNV, corvids, generally do not migrate.
Corvids, especially crows, tend to be year-round denizens of urban and suburban temperate

landscapes, although some species occupy other environments.

WNV has the potential to affect avian species throughout North America. In the short time since
the introduction of the virus to the continent, over a hundred species of bird have tested positive
for the virus. The total number of species affected and mortalities are likely underestimated due
to the limited bird observation network available for monitoring the impacts of the virus. Only a
small portion of dead birds are actually sampled for WNV and most dead birds are never

observed by people, meaning the potential impact of the disease remains unclear.
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2.1.1 Corvids

The outbreak of WNV in 1999 in New York impacted local corvid populations significantly.
Corvids highly susceptible to WNV include crows, blue jays, grackles and ravens. The
American crow (Corvus brachyrhynchos), due to its susceptibility to the virus, has been
generally used for surveillance of WNV. The presence, and relative numbers, of dead crows are
used to monitor activity of the virus across the nation (Yaremych et al., 2003). The high rate of
corvid mortality signals that the virus has a more significant impact on the species then other
avian species (Yaremych et al., 2004). However, assessments of the relative impact on corvids
may be biased because of the larger size of these birds, the ease of identifying them, their
prominent position in suburban and urban ecosystems, and the widespread public knowledge that

corvids die from West Nile infection.

In 2000, a total of 1,263 dead crows were confirmed as virus-positive, from 61 of 62 New York
State counties (Eidson et al., 2001). Overall, 71,332 avian mortalities were reported to New
York State, of which 17,571 (24.6 percent) were crows. For the US as a whole, over 4,000 bird
carcasses tested positive for WNV in 2000 (Turell et al., 2003).

Between 1999 and 2003, the New York State Department of Environmental Conservation
(NYSDEC) Wildlife Pathology Unit examined over 12,500 avian specimens representing 213
bird species (Chu et al., 2003). Of the 5,950 wild American crows tested, 44 percent were
diagnosed with WNV. In addition, 34 percent of dead fish crows (N = 116) and 29 percent of

blue jays (N = 1,284) tested positive for the virus during the same time period.

Laboratory experiments with American crows have shown 100 percent death rates from WNV
infections. These studies have led researchers to extrapolate that infections in endangered corvid
species such as the Hawaiian crow (Corvus hawaiiensis), the Mariana crow (Corvus kubaryi),
and the Florida scrub jay (4Aphelocoma coerulescens) could lead to significant declines of

populations (Yaremych et al., 2004).
2.1.2 Raptors

Birds of prey in the US have been also impacted by WNV. One of the earliest detections of
WNV in raptors occurred February 6, 2000 in Westchester County, New York, when a dead red-

Cashin Associates, P.C. 8
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tailed hawk tested positive for the virus. Mosquito bites are the most likely mode of infection,

but the ingestion of infected reservoir hosts is another possible avenue (Garmendia et al., 2000).

In New York State, 12 percent of tested dead wild hawks tested positive for WNV. In addition,
33 percent of both merlins (N = 15) and American kestrels (N = 33), and 14 percent of great
horned owls (N = 63) tested positive for the virus. However, no peregrine falcons (N = 18), bald
eagles (N = 25), ospreys (N = 13), barred owls (N = 24), and Eastern screech owls (N = 37)
showed any signs of WNV. Captive birds of prey have shown high rates of mortality as
evidenced by reports by the US Geological Survey (USGS) National Wildlife Health Center,
where nine of 30 tested dead raptors from rehabilitation projects in several states tested positive

for WNV (Chu et al., 2003).
2.1.3  Songbirds

Some songbirds other than corvids can be infected by WNV. The NYSDEC Wildlife Pathology
Unit found that between 1999 and 2003, 23 percent of tested house finches (N = 43) and 14
percent of tested house sparrows (N = 427) were positive for WNV (Chu et al., 2003). However,
aside from corvids such as American crows, fish crows, and blue jays, and the house finches and

house sparrows, only three percent of tested dead songbirds tested positive for WNV.

House sparrows may be an important reservoir host for WNV. Studies have shown that when
compared with common birds of the northeastern United States, the house sparrow developed the
highest levels of viremias and carried the virus for the longest duration of time, up to a maximum

of five days (Komar, 2000).
2.1.4 Storks

White storks (Ciconia ciconia) that migrate to the Middle East each year from Europe have been
identified as susceptible carriers of WNV. In a flock of 1,200 birds found in southern Israel, 13
dead or dying storks were recovered and tested for infection with four showing evidence of
WNV in their blood. Six days after the initial outbreak, three of 11 tested birds were
seropositive for WNV. In addition, two of 20 white-eyed gulls (Larus leucophthalmus) housed
in a small pen at the University of Tel-Aviv Department of Zoology were found dead along with

several others paralyzed (Malkinson et al., 2002). One hypothesis for the entry of WNV into the
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US was that storks shipped to the Bronx Zoo, New York, in 1999 from Israel might have
harbored the virus. Deaths in bird populations at the zoo that summer which were not initially

attributed to WNV were, in retrospect, among the first signs of the disease.
2.1.5 Sage-Grouse

The greater sage-grouse (Centrocercus urophasianus), an endangered species in Canada and
under consideration for Federal status in the US, has been impacted by WNV. In four radio-
marked populations in the western US and Canada, late summer survival was reduced by 25
percent from infection of WNV. In addition, serum taken from 112 sage-grouses after the
outbreak showed that none had antibodies to the virus, suggesting that they lack resistance. The
small populations of greater sage-grouse makes WNV a threat to cause its extinction (Naugle et

al., 2004).
2.1.6 Domestic Birds

Domestic birds, including chickens and turkeys, have been the subject of several WNV studies
due to the potential transmission of WNV to humans by eating infected meat. Also, domestic
birds are easy to draw blood from, and so have been used in surveillance for bird-transmitted

arboviral encephalitides (Langevin et al., 2001).

Research has shown that WNV is not a likely threat to domesticated birds. Eleven of 12
chickens inoculated with WNV during experiments showed few, if any, clinical signs of the virus
(Senne et al., 2000). In addition, Senne et al. observed no transmission of WNV from chicken to
chicken under conditions of intimate contact, including exposure to contaminated feces.
Langevin et al. (2001) inoculated 21 chickens, none of which developed the clinical disease,
confirming Senne et al. Langevin et al. concluded that flock mates and human handlers are not

at risk for WNV infection from chickens.

Due to the chicken’s ability to seroconvert without developing clinical symptoms, it is often used
as a sentinel species for WNV (Langevin et al., 2001; Cornell, 2004). Currently, several states
including New York, New Jersey, Maryland, Delaware, Pennsylvania, Florida, Louisiana, and
California use chicken flocks for surveillance (CDC, 2003). However, it should be noted that

there are differing opinions on the ability of chickens to re-infect mosquitoes with WNV.
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Langevin et al. (2001) deemed the magnitude of viremias in chickens insufficient to infect vector
mosquitoes, while Senne et al. (2000) suggested that chickens could perpetuate the disease. In
addition, sentinel chickens in Suffolk County did not seroconvert although located in areas of

high virus activity (McCarthy et al., 2001).

Turkeys are similarly viewed as a potentially important reservoir for WNV due to high density
farming techniques. As with chickens, turkeys do not appear to be susceptible to clinical
symptoms of WNV when exposed to the disease. Only one of eight inoculated turkeys died after
eight days. Control turkeys exposed to the inoculated turkeys showed no WNV-specific
antibodies (Swayne et al., 2000). However, CDC testing of turkeys in Wisconsin associated with
an outbreak of WNYV infections in turkey farm workers found substantial antibody presence

(Glaser et al., 2003).

The role of domestic geese (Anser anser domesticus) as a WNV reservoir has been supported by
observations in Israel and the West Nile region. Infection rates of geese in the Sindbis District of
the northern Nile Valley were 27 percent, similar to the rates of buffed-back herons (Bubulcus
ibis ibis), doves (Streptopelia senegalensis senegalensis), and domesticated pigeons (Columbia
livia), and twice the rate of domesticated chickens and ducks (Anas platyrhynchos) (Swayne et

al., 2001).

In North America, domestic geese infected with WNV have been found in Manitoba, Canada,
where 692 of 2,731 goslings died within a ten-day period at Manitoba Agriculture and Food in
Winnipeg (Austin et al., 2004). In addition, a US experiment with goslings resulted in three of
four exposed subjects showing signs of depression, weight loss, neck problems including

torticollis and opisthotonus, and, eventually, death (Swayne et al., 2001).
2.2 Mammals

WNV has the potential to have ecological effects on non-human mammals. Several species of
mammal have tested positive for the virus with multiple deaths observed. Most mammals are
considered dead-end hosts, whereby the infected host species are unable to pass the disease back
to mosquitoes, and so are not considered part of the transmission cycle. In addition, the majority

of mammals are able to produce resistance to the virus; consequently mammal deaths in
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previously exposed populations from WNV are rare. One notable exception is horses, which

have experienced significant mortality rates.

The majority of mammalian research has focused on horse infections and deaths. Impacts from
WNV to non-human primates, and domestic dogs and cats have been documented. In rodents,
WNYV has been identified in several gray squirrels in Illinois and reports of mass die-offs in the
gray squirrel populations were observed in Wyoming (Noler, 2002). Wild raccoons and bats
have also seen significant infection and mortality from WNV. Captive species affected include

wolves, reindeer, and camels (Graham, 2003).
2.2.1 Horses

Equine cases of WNV have been widespread throughout North America. WNV causes acute,
fatal neurological disease at a very high rate, but clinical disease often does not occur in horses
(Trock et al., 2001). In 2003, death resulted in approximately 30 percent of the 13,500 WNV
infection cases in 39 states (Cornell, 2004). In 2000, 60 horses from seven states met the criteria
for confirmed cases; while in 1999, 25 equine cases of WNV were recorded, nine (36 percent) of
which resulted in mortality (Ostlund et al., 2001). Twenty-three and 20 cases of equine WNV
were recorded in New York State in 2000 and 1999, respectively (Trock et al., 2001).

Experimental studies on equine WNV have shown that horses are not likely to be an amplifying
host of the disease. Horses infected with WNV most often develop viremias of low magnitude
and short duration that are not conducive to re-infecting mosquitoes or other animal species
(Bunning et al., 2002). However, it has been suggested that wild horses may be susceptible to
WNV and further research is needed to determine their role in the transmission of the virus
(Graham, 2003). Vaccines are currently available for horses in the United States and have
shown to be very effective. Frequent injections are required initially, over three to six week

intervals, with annual boosters (Cornell, 2004).
2.2.2 Household Pets

Dogs, cats, and other domestic animals have been monitored for WNV due to their close
physical relationship with humans. In 1999, testing on 189 dogs in New York City and Nassau
County, Long Island, revealed that 5.3 percent had WNV antibodies. None of 12 cats tested had
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antibodies for WNV. Dogs are most likely considered dead-end hosts for WNV (Komar et al.,
2001). In 2002, an eight-year-old Irish Setter-Golden retriever mix and a three-month-old
female wolf pup both died from WNV (Lichtensteiger et al., 2003). It is highly probable that

both of these canids were infected by mosquito bites.

An experimental study with dogs suggested they do not play an important role in the
epidemiology of WNV. Two of three dogs inoculated with WNV experienced mild clinical
illness, but none of the test subjects developed severe disease, and all tested positive for

antibodies to the virus (Blackburn et al., 1989).
2.2.3 Rodents

Rodents are often carriers of disease in urban areas. They also are commonly used in scientific
research as surrogates for humans. Several experiments involving WNV and rodents have been
performed. Most studies reveal that rodents are highly susceptible to WNV, with most test
subjects developing severe symptoms and mortalities occurring at a high rate (Mashimo et al.,
2002; Xiao et al., 2001). However, it has also been suggested, based on limited data, that wild-
bred mice may have the ability to develop complete resistance to the virus (Xiao et al., 2001).
Squirrels may also be susceptible to the disease, as studies in Illinois appear to show impacts to
several species (Noler, 2002). Additional rodents affected by WNV in the United States include
the eastern chipmunk and the black-tailed prairie dog (Marra et al., 2004).

2.2.4 Non-Human Primates

Non-human primates in captive settings in North America have studied for WNV impacts. Due
to the close genetic relationship between humans and other primates, evidence of infection has
been sought in some situations. In the summer of 2002, following an outbreak of WNV in
Louisiana, blood samples were taken from 1,692 captive Rhesus monkeys (Macaca mulatto),
pigtail macaques (M. nemestrina), and baboons (Papio spp.) housed outdoors at a primate
breeding facility. Overall, 36 percent of the captive non-human primates had antibodies for
WNV (Ratterree et al., 2003). However, none of the primates showed clinical illness or

neurological disease associated with WNV.
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Also during 2002, WNV was observed in an aged Barbary macaque (Macaca sylvanus) at the
Toronto Zoo (Olberg et al., 2004). However, 30 of 33 other primates at the zoo tested negative
for WNV antibodies, including all ten of the remaining Barbary macaques. Three other primates
did test positive for antibodies: an olive baboon (Papio cynocephalus anubis) and two Japanese

macaques (Macaca fuscata) (Olberg et al., 2004).
2.2.5 Other Mammals

A variety of other mammals have been found to harbor WNV since 1999. In Illinois, a three-
month-old female captive wolf (Canis lupus) pup died after being infected with WNV
(Lichtensteiger, 2003). In northwest New Jersey, three of 51 black bears tested positive in
samples taken in February and March of 2002 (Cornell, 2004). During the same study in New
Jersey, seven of 689 white-tailed deer were found to be seropositive for WNV. Other confirmed

mammalian deaths in North America from WNYV include:
e skunk
e raccoon
e snow leopard
e mountain goat
e llama
e red panda
e rhinoceros

e domestic cattle
(CDC, 2004).

Several documented cases of marine mammals testing positive for WNV have been recorded in
recent years. A 12-year-old harbor seal at the New Jersey State Aquarium died as a result of

WNV infection in 2002, and two harbor seals from New Mexico’s Rio Grande Zoo died from
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WNV in 2003. Two populations of Florida manatees, 27 captive individuals, and 108 wild
individuals, were tested in 2003. In the captive population, one tested positive for the virus with
five others having strong indications of previous infections. All wild manatees tested negative

for the virus (Keller et al., 2004).
2.3 Reptiles

WNV has been identified in alligators and crocodiles in the southeastern US. For the most part,
WNV affects warm blooded animals — endotherms. For ectotherms, such as alligators and
crocodiles, WNV infections are rare. The reports of the disease have all been associated with

captive and farmed individuals.

During the fall of 2001 and 2002, captive alligators in southern Georgia experienced WNV
epidemics. On one farm, 1,250 out of 10,000 alligators died as a result of WNV infection. The
alligators were raised in temperature-controlled buildings and fed a diet of horsemeat
supplemented with vitamins and minerals. Due to the relatively low exposure these reptiles have
to mosquitoes, it has been hypothesized that those that contracted WNV did so by ingesting
infected horsemeat (Miller et al. 2003). Alligators in Florida, Louisiana, and Idaho have also
been impacted by WNV. In some cases, it appears that mosquito bites may have been the source
of the infection (Wahlberg, 2003). Captive crocodiles (Crocodylus niloticus) from multiple
farming operations in Israel exhibited high rates of WNV infection (Steinman et al., 2003).
These studies indicate a potential for reptilian species to act as a reservoir host for West Nile

(Wahlberg, 2003).

Cashin Associates, P.C. 15



Suffolk County Vector Control and Wetlands Management Long-Term Plan Literature Search
Task Three WNV Non-human Effects January 2005

3. Potential Ecological Impact

The effects of WNV can extend beyond impacts to specific species and into the ecological niches
they inhabit. WNV had been a localized disease found in areas of Africa, Asia, Europe, and the
Middle East (Hubalek and Halouzka, 1999). Over the past few years, it has extended throughout

North America, and into South America and several Caribbean island nations.

The ecological impacts of WNV are amplified by the rate at which it migrates across continents.
Evidence strongly suggests that migratory birds spread the disease (Rappole et al., 2000;
Rappole and Hubalek, 2003; Cornell, 2004). Birds acting as reservoir hosts account for the rapid
transit of WNV and general patterns of expansion of the disease across the North American
continent and into Central and South America (Blitvich et al., 2004). The presence of multiple
loci of equine WNYV in Central America support this hypothesis (Estrada-Franco et al., 2003;
Blitvich et al., 2003). Guadeloupe, in the Caribbean, has also had evidence of West Nile
infection in recent years, and this might occur if migratory birds were the reservoir hosts (Quirin

et al., 2004).

Certain species react differently to WNV infections. For crows, WNV appears to have a
localized impact on populations. Preliminary studies by Cornell Lab of Ornithology researchers
showed that at the same time some crow populations in New York City dropped by as much as
90 percent, while nearby crow populations in Long Island showed no significant decrease in
population (Chu et al., 2003). A lack of objective, standardized, baseline data makes many
conclusions difficult to reach, however, as there are few relevant surveys of the most affected

species.
3.1 Impacts on Endangered Species

Endangered and threatened species may be seriously affected by the introduction of WNV.
Several avian species have already been identified as being adversely affected by WNV. Chu et
al. (2003) noted that the threat of WNV to endangered species such as the Florida scrub jay,
California condor, and whooping crane could hamper species recovery plans. The endangered

monk seal (Monachus schauinslandi) is one of the marine mammals to suffer mortalities from
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WNYV (Keller, 2004). In general, any populations limited by genetic or geographic barriers will

be more susceptible to catastrophic effects, if the species proves to be susceptible to the virus.
3.2 Ecological Niches

The variety of ecological niches in the United States and North American continent make it
difficult to predict specific habitat areas that will affected by outbreaks of WNV. However,
effects from the virus have been well documented in certain urban areas. This may be due to
high species densities, such as that for crows, or may be due to more relevant monitoring efforts
in these regions. Ecological niches most likely to have WNV outbreaks include those near to
areas where Culex species of mosquitoes breed, or in association with roosting areas of reservoir

species of birds.

Anticipation of the arrival of WNV in California led to predictions that the regions most at risk
for ecological impacts were the Central Valley, coastal regions, western Sierra Nevada, the
Salton Sea, and the lower Colorado basin. These predictions were based on a model that
examined the expected impacts of WNV epidemics on wildlife using mosquito vector abundance
and the occurrence of sensitive species as variables, while emphasizing the effects on

populations over those on individual animal species (Boyce et al., 2004).

However, to date, no specific impacts to particular niches or defined threats to endangered

species have been documented in North America.
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4. Potential Impact on Humans

The effects of WNV on humans have been well documented in the scientific literature (CDC,
2004; Cornell, 2004; O’Leary et al., 2002). Most humans contract WNV after being bitten by an
infected mosquito. The impact of the disease on most people is simply to produce antibodies and
show no signs of illness. However, a small percentage of the population will show signs of the

disease; sometimes, death can be a result of West Nile infection.
4.1 West Nile Incidence

WNYV was first identified in the New York City region in 1999. The strain isolated from the first
infections show that the virus was most likely from a human or non-human international traveler
from Israel. Since 1999, West Nile has expanded its range from the New York metropolitan area
outward in all directions. The rapid geographic expansion of the disease seems to indicate that
migratory birds are reservoir species. Others have suggested that interstate transportation serves
to convey infected mosquitoes, or infected meat carries the disease from one area to another.
These are generally thought to be much less likely causes of the WNV spread. Generally,

disease impacts to people are linked to disease incidence in birds (Rappole and Hubalek, 2003).
4.2 Transmission Via Farm Animals

While the major route of human infection is through mosquito bite, some other sources of
infection have been identified. In 2002, workers at a commercial turkey breeding farm tested
positive for the virus (Glaser et al., 2003). It has been suggested that these workers were infected
by some form of non-mosquito transmission. The farming of alligators could also be seen as an
area of risk for non-mosquito transmission, as they have been sites of unusual WNV outbreaks in
the southeastern United States (Miller et al., 2003; Wahlberg, 2003). No links to these outbreaks

and human disease occurrence have been found.

4.3 Consumption of Infected Meat

While no instances of WNV in humans have been attributed to consumption of infected meat, it
has been suggested that farmed alligators may have become infected with WNV by eating West
Nile-positive horsemeat (Miller et al., 2003). Alligators, with their thick hides, are generally
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thought not to be at risk for mosquito bites, and so the consumption of infected horse meat may
have been the source of infection. If this is the case, there is the potential that humans could be
infected by ingestion of some kind of diseased meat. It has been noted that chickens seroconvert,
although they do not appear to become infected with the disease. Turkeys may catch the disease
under some conditions, and geese appear susceptible. No data were available for ducks and

other widely consumed birds.
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S. Indirect Impacts

The indirect impacts of WNV include negative impacts, such as the loss of natural controls and
adverse economic impacts. However, there are other impacts that may be viewed as positive, in
a sense, such as the decimation of species such as crows, raccoons, and geese that have been
identified as pests under some conditions. The indirect impacts of WNV on human and non-

human species are, for the most part, undocumented in the scientific literature.
5.1 Loss of Natural Controls of Diseases/Pests

WNV has the potential to impact natural controls of diseases and pests, which may result in
effects to agriculture, other human enterprises, or general ecological states. It is undocumented
in the scientific literature whether or not West Nile has or will positively or negatively impact
these controls. None of the species that appear to suffer during WNV outbreaks are considered
to be extremely beneficial to agriculture, for example. In fact, crows have a long history of being
pests for many forms of agriculture. None of the impacted species are known to be ecological
keystone species, either. The few endangered species impacted by WNV to date have been
discussed above. If WNV does indeed have a major impact on raptors, that could lead to
ecological shifts, as raptors often fill top of the food chain positions. The importance of top-
down controls on food chains has long been the subject of intense ecological study and
discussion. Forecasts of any potential impacts would only be reasonable for specific instances in

specific settings, however , and is beyond the scope of this discussion.
5.2 Economic Impact

There are many direct economic impacts from WNV. Millions of dollars have already been
invested in researching the disease, its transmission cycles, and its impacts on human and non-
human species. Increased monitoring efforts will continue to cost millions of dollars, as will

preventative measures to control various mosquito species.

The commercial animal industry, including turkey and alligator farming, is likely to see higher
costs due to increased monitoring efforts, having to discard diseased animals, and for

vaccinations as they become available. For domestic animals, especially horses, the costs will be
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similar to that of commercial animals. WNYV vaccinations are already widely available for
horses, although multiple shots are required in the first year and annual boosters are also
required. Of the 20,000 horses vaccinated in Florida during 2001, only one developed WNV
symptoms (Cornell, 2004). Costs of the vaccinations are estimated to be $50 per horse; in 2002,
the states of Colorado and Nebraska spent a combined $2.75 million to vaccinate at-risk horses

(Geiser, 2003).
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